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PREFACE

The investigation covered by this report was conducted by the
Sanitary Sciences Branch, U, S, Army Engineer Research and Develop-
ment Laboratoriles, Fort Belvolr, Virginla, under authority of Task
8M75-05-001-07, "Removal of CBR Contaminants from Water." A copy
of the task card is included as Appendix A,

The period covered by this report is 12 September to 21 Novem-
ber 1962, during which time the basic subtask accomplished was the
"Removal of Chemical Warfare Agents from Water by Vapor Compression
Distillation." The following personnel were responsible for the
acquisition and presentation of sthe data:

O

U. S. Army Engineer Research and Development Laboratories

Chief, Militfry Department: e
Heil K. Dickincon o
Chie!, Surnitary Scienccs Branch:
Richard P». Schmitt

Test Pcrsonnel: °
° [
Dor. C. Lindsten, General Engineer, Project Leader °
o Maurice Pressman, Chemist
Joseph P. Kennedy, Water Plant Operator
Broadus E. Shifflett, Water Plant Opera%or o
Richard A, Jackson, Vehicle Operator o °
(-]
U. S. Army Chemical Research and Development Laboratories
o o
Chief, Decontamination Research Branch:

-]
David M. Rosenblatt - o
o ° °
Test Personnel: °
o Virginia E. Bauer, Chemist
Mary M. Demek, Chemist e o 0
Andrew D. Urban, PFC, U3A, Chemist
o
o °

° o
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U. 8., Army Envirommental Hygiene Agency

Director of Enginesring Services:
Robert G. McCall, Colonel, MSC
Chief, Sanitary Engineering Division:
Donald J. Hernandez, Major, MSC

Test Personnel: .

Robert P. Carnshan, lst Lieutenant, MSC, Sanitary Engineer
Fred D. Kleist, SP i, USA, Chemist : -

The Army Medical Service provided partial Tinancial assistance
in this project.
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SUMMARY

AN

A field study of the removal of seven chemical warfare (CW)
agents from fresh and saline water by vapor compression distillation
vas conductedyat Graces Quarters, Maryland, during the period 12
September t@fough 21 November 1962, The objectives of the study
were: (1)§0 determine whether & U. S. Army vapor compression dis-
tillation unit could produce an acceptable distillate from fresh and
saline water contaminated with seven CW agents (incapacitating agent,
BZ; nerve gases, GA, GB, and VX; blood gas, AC; and vesicants, HD
and HN-3)g (2) in the event the unit did not produce a potable dis-
tillate, tp develop auxiliary procedures, either pretreatment or
posttreatpent, capable of producing an acceptable water; (3) to
study thé vapor hazard in the operating area; and (i) to evaluate a
small-fcale batch coagulatlon process (not involving distillation)
Tor removing VX from fresh water.

!

{
' The results of this study indicate that:

a. The Army's vapor compression distiliation unit doar not
produce an acceptable distillate from frcsh water contaminated with
BZ, VX, AC, GB, or GA. ., - «

b. The Army's vapor compression distillation unit does not
produce an acceptable distillate from saline waler contaminated with
BZ, VX, or AC.

c. Mixed-bed ion exchange resin, containing a strongly
acidic cation resin and a strongly basic anion resin, is effective
for posttreatment of distillate containing all the CW agents studied.

d. Granular asctivated carbon 1is effective for posttreatment
of distillate containing all the CW agents studied, except AC.r

e. A small-scale batch coagulation process involving super-
hypochlorination, activated carbon dehypochlorination, coagulastion,
and filtration is capable of effectively removing VX from a contam-
inated fresh water source. '

[ Further study isr$§?uired w0 determine operating charac-
teristics of activated carbom\ and ion exchange resins in order “o
establish design criteria of auxiliary eguipment Tor postircalment
of distillate from sources contamivated with CW agents.




REMOVAL OF CHEMICAL WARFARE AGENTS FROM WATER

BY VAPOR COMPRESSION DISTILLATION

I. INTRODUCTION
1. Subject. The objectives of this study were as follows:

a. To determine the efficiency of the vapor compression
distillation unit in the decontamination of water contalning chemi-
cal warfare (CW) agents.

b. To determine auxiliary water treatment procedures re-
quired to produce a potable water from a possibly unacceptable
distlllate.

c. To study the vapor hazard in the operating area,

d. To conduct rclated studies ol a small-scale batch
coagulation process not involving distillation,

2. Background and Previous Studies. Buswell, Sanchis, and
Hudson (1) conducted the Tirst study in the use of vapor compression
distillation for the removal of CW agents from water. In their
study, a 1,500~-gallon~-per-day distiliatlon unit was evaluated with
water contaminated with sulfur mustard (H), lewisite (L), and nitro-
gen mustard (HN-3). It was determined that the distillate produced
was safe for l-week consumptlon but was not palatable because of
strong odors. Further investigatlon showed that dosages of up to 5
pounds of powdered activated carbon per 1,000 gallons of distillate
followed by coagulation, sedimentation, and filtration produced a
potable water.

Laboratory studies by several investigators pertaining to
CW agent decomposition have provided valusble information which was
used in predicting agent action during distillation in this study.
Studies by Epstein and Bauer (2, 3), of the hydrolysis of Sarin (GB)
in water, determined that the rate of hydrolysis is dependent on pil,
temperature, and type and concentration of dissolved solids. The
rate of hydrolysis of Sarin increased approximately 10 times per
unit decrease of pH below U, and at a given pH, the rate of hydroly-
sis doubled for each 10° C increase in temperature.

Additional work by Epstein (%) indicated that at a pH
above £.5, hydrolysis increased 10 times per unit increase in pH.
It was also pointed out that hydrolysis is accelerated by aniomns,




2

with the exception of hydroxyl ions. The presence of calcium and
magnesium ions in alkaline waters and cupric and manganous ions in
acld waters was effective in increasing hydrolysis.

In ronsldering the possible methods of additional distil-
late treatment, it was found that Epstein and Flannery (5);
Epstein, Flannery, and Wessels (6); and Epstein (7) had removed GB
from water with activated carbon and also with both cation and anion
exchange resins. These studies 1ndicated that activated carbon is
effective in the removal of Tabun (GA) and Sarin (GB) and that pH,
temperature, and hydrolysis products have little effect on the per-
formance of the carbon. These studies also indicated that the res-
ins act as catalysts in the decomposition of GB and that a strong-
base anilon resin 1s the most effective.

Lindsten and Bauer (8, 9) studied the remcval of VX from
water by use of cation exchange resin, in the hydrogen and sodium
form, and a mixed-bed resin, The latter resin was the most effec-
Live of the three for removing VX from water contaminated to the
level of 13.1 mg/l.

3.  Maximum Permissible Concentration (MPC). In order to
carry out an adequate evaluation of any item of water treatment
equipment, it is necessary to know, first, what is to be removed
and, second, what are the maximum amounts which can be permitted to
remain in the water. With cerlain chemicals, the limlts are clearly
defined, based upon toxicological and other investigations. There
are certaln chemicals, however, for which the maximum limits cennot
presently be completely defined. At the present time, The Surgeon
General is making a critical review of toxicological information
with the objective of determining more acceptable standards. Where
such information is not adequate, further research will be neces-
sary. Due to millitarv expediency, however, it is often necessary
to defined maximum limits based upon the best information avallable.
Therefore, for the purpose of this study, the MPC values which are
used and dlscussed are those which are presently belng considered
for adoption by the United States, United Kingdcm, end Canadian
Armies., Certain of these limits are still subjects of conslderable
discussion. For that reason, all analytical work carried out in
this study was done quantitatively so that in the event new limits
are established, the data contained in this report will still be
usable. At the present time, the maximum limit for BZ is not well
defined and is that which is presently being utilized by Chemical
Corps Agencies dealing with this material. TFor the purpose of this
study, the followlng 7-day maximum permissible concentrations were
utilized:




Blood Gas (AC) 20.0 mg/1
Mustards (HD and HN-3) 2.0 mg/l
Nerve Gas (GA) 0.5 mg/1l
Nerve Gas (GB) 0.1 mg/l
Nerve Gas (VX) 0.005 mg/1
BZ 0.01 mg/l

II, INVESTIGATION

4, General layout and Test Equipment. The test site was lo-
cated at Graces Quarters, Edgewood Arsenal, Maryland. Filgure 1 is
a diagram of the test site and equipment arrangement. Shifflett
Pond at Graces Quarters was the source of fresh water. Filgure 2
shows equipment set up to pump the water from the pond to a 2,000-
gallon tank truck. Characteristics of this water were high color,
low dissolved mineral content, pH 6.8 to 7.2, and a turbidity of
approximately 50 units. The saline water was hauled to the site in
2,000-gallon quantities by tank truck (Fig. 3) from the lower Chesa-
peake Bay area. Analyses of this water indicated a dissolved min-
~ral content of approximately one-third that of cea watcr and low
turbidity and color. Standard military, collapsible, nylon-rubber
Lanks were used for storage of raw water and its subsequent contam-
ination with the CW agents.

A prototype vapor compression distillation unit was used
as the study unit. Figures 4 and 5 show the unit with associated
equipment. Constructed of aluminum, it is a prototype of the pro-
posed standard Army, trailer-mounted, 125-gph distillstion unit. A
schematic flow diagram is shown in Fig. 6. Feedwater is pumped
through heat exchangers, where 1t picks up heat from the distillate
and blowdown, and then through the engine water cooler, where 1t re-
ceives heat from the engine exhaust, before entering the evaporator.
The water then passes up through the tubes of the evaporator and is
partially vaporized. A concentrated brine (blowdown) is continuous-
ly drawn off through the heat exchanger and discharged to waste.

The steam at epproximately 212° F passes to the compressor, where
compression raises its temperature to about 2240 F, Upon being re-
turned to the steam chamber surrounding the tubes of the evaporator,
the steam condenses, glves up its latent heat of condensation to the
ipncoming feedwater in the tubes, and passes out of the system as
distillate through the heat exchanger. The temperature of the dis-
charged distillate is about 10° F to 15° F sbtove the incoming feed-
water temperature.

The pressure on the suction side of the cowpressor is ad-

justed to approximately 6 inches of water above atmospheric pressure.
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Distillation unit and associated equipment.

Fig. L.
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On the discharge side, the pressure may vary from 2.5 to 5 psig,
depending on scale formation in the cvaporator. During operation,
the volume of water held in the evaporator is bl gallons and the
average detentlion time is 22 minutes.

The two mobile laboratories shown in Fig. 7 were used for
performing all analytical determinations at the test site.

5. Procedures. The distillation unit was operated typicsal
of 1ts intended use in the field. Seven CW agents were used., TFive
ol these agents are described in Table I. Descriptions of two
agents are omitted because of classification.

a. Distillation Study. The agents were delivered to the
site by boat from Edgewood Arsenal (Fig. 8), usually in 100-gram
quantities, on the day a run was made. In some cascs, the agent had
to be treated before it was added to the [eedwaler tank. The agent
BZ was dlssolved in a minimum guantity of hydrochloric acid. Be-
causc of low water temperatures and the limited solubilitles of the
nustards, the Hb and HN-3 were dissolved in acceloue Lefure Lhey were
added to the focduater tank, The agent, AC (HON) was produced in
citu by the addition of solid sodium eyanide to the tank of water,
followed by the addition of a sloichiometlric amount of hydrochloric
acid.

The other three agents used as contaminants were
liquids which required no spccial preparation. While the agent was
being poured into the tank, the water was stirred manually. After
contamination was completed, thc feedwater was recirculated con-
stantly to maintain a uwniform mixture. During all preparatory work,
protective clothing was worn by operating personnel (Fig. 9). After
preparation of the coutswminaled water, personnel involved were
thoroughly decontaminated by use of a 200-ppm calcium hypochlorite
solution (Fig. 10).

The wnit was put into operation immediately after
water decontamination. A warmup time of 1 hour was usually required
before distillate was produced. An additional half hour was allowed
for stabilization of distillate production. After the unit wsas
stabilized, samples of raw water, blowdown, and distillute were col-
lected hourly for chemical agent analysis; blowdown and distillate
samples Were also collecled for other analytical determinations.
Vapor samples were taken hourly at the blowdown sump (Fig. 11) and
at the compressor. Randomr vapor samples were taken in the general
environment and over the raw water tank during a run. A continucus-
reading conductivity meter was also used to monitor the quality of
distillate.




Distillaticn unit.

Fig. 5.
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Decontamination of personnel.

10.
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Vapor sampling at blowdown sump.
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During the course of a run, samples of feedwater,
blowdown, and distillate were taken hourly for the various necessary
analytical determinations. Agent concentration in each hourly sam-
ple was determined. Other determinations varied with the sample.

The water analyses performed on Shifflett Pond raw
water were pH, color, turbidity, hardness, alkalinity, chlorides,
and sulfates. The same analyses except those for hardness and sul-
fates were performed on saline raw water. The hourly blowdown ssm-
ple was analyzed for pH, alkalinity, and chlorides. The distillate
sample was analyzed for pH and chlorides. ILaboratory work areas are
shown in Figs. 12, 13, and 14, All procedures except those for
agent detection were performed in accordence with Standard Methods
for the Examination of Water and Wastewater, 1llth Edition.

(1) Hydrogen Ion Concentration (pH). Portable Beck- !
man pH meters, Models N and G, were used. Both units were
standardized several times a day wlth standard buffer solutions.

(2) Color. The Hellige Aqua Tester with a standard
2olor Aice wac uced,

(3) Turbidity. For waters sbove 25 units, the Jack-
son candle turbldimeter was used. Tor water under 25 units,
the Hach meter was used, but only to give an order of magnitude.

(4) Alkalinity (as CaC03). A standard solution of

0.020 N sulfuric acid solutlon, with a mixed indicator of
methyl orange - xylene cyanol, was used to determine the total
alkalinity.

(5) Hardnoess (as CaCO3). Total hardness was deter-

mined by the EDTA (ethylenediaminetetrascetic acid) titration
method, using an ammonium chloride - ammonium hydroxide buffer
and Eriochrome Black T as the indicator.

(6) Chlorides (as Cl). Two methods of determining
chlorides were used, depending upon the range of chlorides in
the water. For water low in chlorides, the mercuric nitrate
titration was used. This method used 0.01lhl N mercuric nitrate
solutlon and diphenylcarbazone-bromphenol blue mixed indicator.
For the waters of high chloride content, a 0.10 N silver ni-
trate solution and a potassium chromate indicator were used.

(7) CW Agents. Analytical methods used in determin-
ing agent concentration are summarized in Table II. This table
also shows the sensitivity of eack rethod and the maximum limit
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as specified in paragraph 3 and notes interferences encountered
in some procedures.

(8) Vapor Detection. Vapor sampling was done with
the standard Army chemical agent test kit (M-18). This kit was
supplemented with exper:.aental enzyme tickets for the detection
of V and G agents.

After each run, the holding tanks were decontaminated
prior to release of the water into the Gunpowder River. Waters con-
taining V agent vere decontaminated by use of calcium hypochlorite
and hydrochloric acid. The AC-contaminated and G-contaminated water
was treated with calclum hypochlorite. The mustards were allowed to
decay for 2 days before the water was released.

b. Carbon and Resin Column Studies. This portion of the
study was designed to provide general information regarding the cap-
ability of granular activated carbon and ion exchange resin columns
to rcmove CW agents from water and to indicate the direction of fur-
ther study in the development ot auxillary equipment ior the treat-
melit oF uwnacccptable dictillate.

Carbons used were Nuchar WA (430 mesh) and Nuchar
C-190 (+30 mesh). Turee ion ecxchange resins used were Duolitc Cc-25,
a strongly acidic cation resin; Duolite A-30B, an intermediate base
anion resin; and a mixed resin obtained from laboratory deminerali-
zation wnits (Barnstead Red). The mixture contalned a strongly
acldic cation resin and a strongly basic anion resin. Table III
gives some characteristics of these column materials.

Columnc were prepared by using S5-cm-diameter glass
cylinders, 60 cm in length. The column medium, 500 ml of dry gran-~
ular carbon or 500 ml of wet resin added as a slurry, was supported
by a one-hole rubber stopper covered with a fine nylon screen and a
5-cm layer of glass wool. The top of the column medium was covered
wlith a glass wool plug about 5 cm thick. This prevented the feed-
water stream from disturbing the medium and also acted as a filter
for any incidental turbidlty in the column feedwater. Before use,
eacn column was washed with 3 or 4 liters of demineralized water.

A typical column arrangement 1s shown in Fig. 15.

Contaminated water fed to the columns varied widely
in composition. Straight distillate, spiked distillate, distilla-
tlon unit feedwater, and mixtures of feedwater and distillate were
used. In all cases except Test 1 (with BZ-contaminated feed), the
flow ratc through tke column was adjusted to 150 ml/min (2.2 gpm/cu
rt) by use of 2 Hoffmau screw clawp. Samples of column ‘ecdwater
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and effluent were analyzed for pH and agent concentration. Waters
containing six of the seven agents used in this study were fed to
the columns. Agent HD was excluded since it was found that the dis-
tillation unit adequately removed both mustards from contaminsted
feedwater,

c. Batch Process Decontamination Study. This study was
designed to determine the effectiveness of a batch coagulation proc-
ess for removal of a typical CW agent from fresh water. The equip-
ment used was a lyster bag, a filter (Water Purification Unit, Hand-
Operated, Knapsack~Pack, Filter-Pad-Type, l/h-GPM), and a mixed-bed
ion exchange colum (Fig. 16). Shifflett Pond water contaminated
with 18.7 mg/l of VX was used for the test. The procedure involved
was as follows: The lyster bag was filled with 36 gallons of con-
taminated water. Twenty grams of calcium hypochlorite (70 percent
available chlorine) was added to provide & dosage of 100 mg/l avall-
able chlorine, This was followed by the addition of 82 grams of
powdered carbon (600 mg/l), 7 grams of ferric chloride (50 mg/1),
and 14 grams of limestone (100 mg/1)., The coagulated water was
pumped through ithe l/h-gpm filier unit and ihen passed through a
mixed-hed resin column, snd the effluent was eollected in a plastie
drum., One-half-hour waiting periods were observed following hypo-
chlorination, carbon addition, and coagulation.

6. Results. The results of each of the 20 distillation runs
are gilven in Appendix B, Tebles VI through XXV. Table VI shows the
results of an agent-free run which was carried out to obtain control
data. A summary of results of all the dilstillation runs 1s given in
Table IV.

The results of the vapor sampling are given in Appendix C,
Tables XXVI through XXIX.

Carbon and resin column study results arc shown in Appen-
dix D, Tables XXX through XXXVIII. A summary of results of the
column studies is given in Table V.

The results of the batch coagulation decontamination study
are presented in Appendix E, Table XXXIX.
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III. DISCUSSION

7. Distillation Runs. Reference to the summary of results
glven in Table TV indicates less than 90-percent agent removal in
only four cases, Although this high degree of reduction was ob-
tained, only in the case of the mustards was the agent concentration
in the distillate found to be below the maximum limits (paragraph 3).
This indicates that the process of vapor compression distillatlon of
water contaminated with CW agents would have to be supplemented with
an auxiliary process in order to produce a potable distillate.

The detalls of the various runs are discussed in the order
in which they are presented in the tables of Appendix B.

a. Run 1. This run was made with agent-free Shifflett
Pond water to check on the distillation unit operation, sampling,
analytical, and safety procedures. The results of the run indicated
the unit was operating satisfactorily and that the scheduled sampl-
ing and analytical procedures could be properly performed by the
test team during the run within the time periods allowed for these
procedures .

b, BZz. Two runs were made, one with saline water and
the other with fresh water. For the saline water run, the distil-
late required 2 hours before the agent concentration stabilized.

In the pond water run, the agent concentration of the distillate
reached a stable level immediately. Although distillation removed
99.8 percent of the agent during both runs, the agent concentration
in the distillate was still twice the maximum limit specified in
paragraph 3. A comparison of the graphs of the two runs (Appendix
B, Figs. 17 and 18) shows little difference in the quality of the
two distillates.

c. VX. GSeven runs were made with VX as the contaminat-
ing agent. Four of the runs were made with saline water and two
with Shifflett Pond water; one run was a redistillstion of the
distillate from Run 18 (Shifflett Pond water). In the six routine
runs, with the agent concentration of the feedwater averaging 19.3
mg/1l VX, the agent concentration in the distillate varied between
1.25 and 2.5 mg/l, which is 250 to 500 times greater than the MPC
value. In the redistillation run, the VX concentration of the
feedvater was 2.3 mg/l and the distillate averaged 0.09 mg/1 VX.
The average removal of VX accomplished in the six routine runs was
91 percent. In the redistillation run, a removal of 96 percent was
obtained, indicating that the percent removal is independent of the
agent concentration in the feedwater, within the range specificd.
No difference was apparent in the quality o! the distillate in
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either the saline or fresh water runs, end in all the runs, the
blowdown and distillate had approximately the same agent concentra-
tion (Appendix B).

d. GB. Three runs were made with GB as the contaminat-
ing agent. The two saline water runs were 5% and 10-2/3 hours in
duration, and one fresh water run was 55 hours in duration. In all
of the runs, there was slight decomposition of the agent in the
feedwater (Appendix B, Tables XVI-XVIII). In the saline water runs,
the pH was such that the calcium, magnesium, and sulfates helped to
accelerate decomposition of the agent. In the distillation unit
evaporator, the agent went through seven half-lives in approximately
30 minutes. The high temperature and alksline pH were the two msjor
factors in producing this rapid decomposition. In the distillation
run with saline water, the distillate was below the prescribed MPC
value. The distillate from the Shifflett Pond water was above the
tolerance level and required additional treatment.

e, GA. Two tresh water and one saline water runs were
made with GA as the contaminant. In Run 8, Table XIX, the fresh
water interfered with the Schoenemann test; consequently, all de-
terminations were made by using the totael cyanide procedure. This
method of determination does not have the required accuracy or range
to produce acceptable results. Therefore, the remalning two runs
were evaluated by using the chemical enzyme test. Tabun (GA) had
the same characteristic in the water as Sarin (GB) except that it
decomposed more rapidly and produced cyanide as a hydrolysis product.
The distillation unlt did produce an acceptable distillate in Runs
10 and 17, made with saline and fresh water, respectively. This can
be attributed partially to the high rate of decomposition of GA when
exposed to high temperatures and alkaline pH.

f. AC. One fresh water run and one sallne water run
were made with hydrogen cyanide (AC) as the contaminating agent.
Very little reduction of the AC resulted from distlillation; the
greatest reduction was 20 percent. The temperature and pH had
little eftect on decomposition.

g. HD and HN-3. One fresh water run was made with each
mustard agent. The sulfur mustard (HD) and nitrogen mustard (HN-3)
were readily decomposed to below the MPC by the distillation process.

8. Vapor Tests., The vapor tests were qualitative studies.
The apparatus and equipment was of such a nature that any quantita-
tive data concerning agent concentration would be unreliable. The
main purpose of this study was to determine whether or not toxic
vapors were released during the operation of the distillation unit.
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It was Tound (Appendix C) thet vapors of the agents were released at
the blowdown sump and also at the compressor. The data are insuffi-
cient for a conclusion to be drawn as to whether these vapors repre-
sent a hazard over prolonged exposurcs, but the data do indicate
that the wearing of protective clothing and gas masks is a sound
practice.

9.  Actlvated Carbon and Ton Exchange Resin Column Studies.
Table V indicates that actlvated carbon and ion exchange resins,
wlthin the limits of this study, show promise for the treatment of
distillates produced by the vapor compression distillation unit.
However, further studies will have to bec made to determine the ca-
pacities of both carbor and resins, since in no cases were success-
fully operating columns loaded to cxhaustion because of time limita-
tions. 1In conjunction with this work, a study should be made to
determine whether the action of the resins is a purely catalytic
reactlon or true lon exchange. In the work of Epstein, Flannery,
and Wesscls (6); Epcteiln (7); and Lindsten and Bauer (8), there is
evidence that the resins also act as catolysts in the decomposition
of agents GO and VX. Yo indicate the potential capacitics of zarbon
or mixed resin columns, the results of the test with VX-contaminated
aistillate and column Nuchar €-190 and a mixed resin should be poinl-
ed oul (Apperdix D, Talle XXXI1T, Teot Ho. 3). With colculotions
based on a distillate feed of 1.M mg/l and a column medium volume ol
0.5 liter, the results of this test show thut at least 1,100 colu:
volunes of distillate could be succenstully treated by both the cor-
bor and mixed resin column.

a. Carbons. HNuchar WA (430 mesh) used in the treatment
of variouc column feedwaters containing B7, VX, GB, GA, AC, and HN-3
produced effluents whose agent concentrations were well below accept-
able levels, except in the case of AC. (It should be noted that AC
can be oxidized by chlorination.) Nuchar C-19C was evaluated in one
test with distillate contaminated with VX and successfully removed
the agent from a spiked distillate feedwater which had been spiked
to a concentration of 115 mg/l VX.

b. Resins. The results of the colum studies swmrarized
in Table V irdicate that a contaminated distiliate containing BZ, VX,
GA, GB, AC, and HN-3 can be successfully treobted witl wixed resin
composed of a strongly acidic cation resin and a sltrongly bacic
anion exchange resin. 3Separate colurms of C-25(H) ard A-30B(0H), in
series, were somewhat lecs effective than the mixed resin in the re-
moval of VX from spiked distillate. A column of C-29(H) was
tive ir removing BZ {rom a cortaminated distiilatec. Resing |
and C-2u(Ra) were successful dn removing VX from dicstillate
ing 1.5 mg/l ot agent. Resin C-25{Na) was incfiective in “e.t.
dictillates contaminated witn GA arnd GB.
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In an attempt to determine the fate of VX during the
regeneration, with L N hydrochloric acid, of a Duolite C-25 (")
column which had removed 197 mg of VX from 12 liters of contaminated
distillate, it was found that only 0.38 percent of the loaded amount
of VX was recovered ln the regenerant liquids. There are three pos-~
sible answers to this low recovery: First, the destruction of agent
due to hydrolysis of the VX by the resin prior to regeneration;
second, hydrolysis of the agent by the strong acid used for regener-
ation; and third, the inability of the regenerating acid to remove
completely the VX from the resin. Thils 1s an area where further
study will be required.

10. Batch Decontamination Process Study. The process used in
this study is a proposed, general, small-scale procedure for the re-
moval of chemical, blological, and radiological agents from water.
From various laboratory studiles, it has been determined that strong
hypochlorite solutions exert destructive effects on VX, G-agents,
and AC. The mustards are rcmovable by carbon adsorption. In this
proyroced proccdure, the advantages of strong hypochlorite solution
and carbon adsorption are utilized. Coagulation provides for clar-
itication. lon exchange resin treatment provides tor the removal of
soluble ionic contamination by demincralization.

The results of this study indicated that with the proposed
procedure, about 35 gallons of potable water could be produced from
a highly contaminated fresh water source containing 18.7 mg/l of VX,
within approximately 35 hours.

1V. CONCLUSIONS

11. Conclusions. Based upon the results of this study, the
following conclusions were made:

. The Army's vapor compression distillation unit does
not produce an acceptable distillate from [resh water contaminated
with BZ, VX, AC, GB, or GA.

b. The Army's vapor compressicn distillation unit does
not produce an acceptable distillate from saline water contaminated
with BZ, VX, or AC.

C. Mixed-bed ion exchange recin, containing a strongly
acidic cation resin and a ctrongly basic anion resin, is effective
for postireatment of distillate containing all the CW agents studied.
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d. Grenular activated carbon is effective for post-
treatment of distillate containing all the CW agents studied, except
AC.

e. A small-scale batch coagulation process involving
superhypochlorination, activated carbon dehypochlorinstion, coaguls.-
tion, and filtration 1s capable of effectlvely removing VX from a
contaminated fresh water source.

f. Further study is required to determine operating
characteristics of actlivated carbon and lon exchange resins in order
to establish design eriteria of auxiliary equipment for posttreatment
of distillate from sources contaminated with CW agents.
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APPENDIX A

AUTHORITY

RDT & E PROJECT CARD

1. 1‘§PE D‘ HKPDRY

Bncn TNo. % vate) 8-75-07-460, 3) Dec §9

) wew [(mEaT

3, PROJECT TITLE

Task

Removal of CRR Contaminants from Watex

REPOLT CONTROL SYMDOL

CSCRD=1 (R2)

4. SECURITY OF
PROJRCT

U

4. PROIBCY NO.

8Y74-05-001

7. BAJIC FIELD OR AYBJUCT

Water Supply and Sanitation

V. .
8175-05-001~07

S. NEPOAY DATK

91 March 1961

§.5UD FILLD OR SUBJECT SUD GROUR

Wator Iiltration, Purification
and Distillation

9. CAYLQORY

S0

108. COGNIZANT AGENCY

Corps of Enpinecers

b. DIREC TING AGENCY

Mil Fnpr Dlv, 1D, OCH

0. RUGUIBTING AGIHCY

OI‘Ncu, Chief of ‘nrinr rS

A P ARTICIP ATION HY 0TV WMiLTT ANY
OLB TS, AHD OFHLH GOVT. AGRNCICE

Chem Corps (P)(Facilitios)
(Tcehnies) Personnel)

F.quipm
ﬁvro.u o, u%-,;b- 073001)

—— P T
14, BUI'PORTING I'IIGJHETS

118, CONTRACTOR AND/OR QOVRANMENY
LABORATORY

USA Engr Res & Dev Labs
it. llelvoir, Va.

[P CONTRACT NUMBER

13. EST. COMPLETION DATES

DRV,

Cont

NGR TRET.

Ushit TesT

OPENATION AL

cooumNAhON ACTIONS W/ O FRGA micTs
TARY DEPTS. 8 OTHEN GAQVT, AGENGIAS

Army Med Serv (C)
oCDM (Furxla, €)

TWTORTTAMAES

b March 1960
N Puoniy L TVELIS 1T S—
1~ 5600

CNOG par 1439¢(9)

L1 setClal CODES

1%, KST. SUIPPONY LEVEL

L* UNOKR $50.000

(2] s#0,000 - 3100,000
[T »100,000 « saR0.000
[7) sase, 000 . 3800000
(] 9905.000 - 91,000,000
(] ovxm 81,000,000

3. RCQUIREMENT AND/OR JUSTIFICATION

drinking and cther purposes.

There is a requirement for dotcrmination of the effectiveness of Arry fleld
water purification equipment and processes now standard and under development for
removing chemical, biological, and radicaotive agents from water to be used for
This requiremeont has been established by the threat
of new and more efficient agents and weapons of wars

a. Brief

|

Engoaoh

c. Tasks

Not applicable.

Ses Annual Resubmittsl Card dated 31 December 1959.

Ses Anmuel Resubmittal Card dated 31 December 1959,

L1

DD."¥%.613

FPREVIOUS ROITIONS ANK ORIOLRYE.

or racKs




TASK

REPONT DATEK PROGJEST NO.
DT & E PROJECT CARD CONTINUATION 31 ¥arch 1961 | 8175-05-001-07

d, Other Information

Ageoncies antorested in this projeet, in additlon te the Corps of
Enginesrs, with which lialgon will be walntalned and which will be furnishod
oopias of the reports on the projeet aro the Department of the Navy, Department of
the Alr Force, Chemical Corps, Army Mcdical Scrvico, and CONAKC.

DDl F'eﬂ.ﬂnel 3 c MEPLACES DD FORM 813-1. WHICH IS USSOLRTE. rast 2 or 2 pases
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APPENDIX B
REMOVAL OF CHEMICAL WARFARE AGENTS FROM

WATFR BY VAPOR COMPRESSION DISTILLATION
(Tables VI through XXV)

Table VI. Run 1 - Distillation of Shifflett Pond Water
Without Agent

DATE: 26 Scplember 1962

OBJECTIVE: To check the distillation unit operation, sampling,
analytical, and cal'cly proccdurc: by dictillation of
arent-frec waler

FEEDWATER ANALYS1S: pH (.2, Lurbidlty by units, color TO units,
hardncss 10 mg/ \,qco ), alkalinity 20 mg/l
(CaMO ), chlorldo If mg)l (1), sulfate 5 mg/l

("Oh)
CHEM1CAL DATA
Cample Distillate Blowdown
Time pll Chloride PH Chloride Alkalinity
(hr) (mg/1 Cl) (mg/1 C1) (wg/1 CaCo03)
1000 T.2 0.2 5.9 3.4 L9
1100 6.2 0.1 9.1 6.9y 56
1200 7.8 1.8 9.1 6.0 L&
1300 7.9 0.25 9.1 8.8 53
1400 6.8 0.he 9.1 8.2 51
Average 7.2 0.0 9.1 C.7 Ll
AVERAGE OPERATIONAL DATA
Length of Run: 6 hr
Rates fgph : Digtillate th Blowdown 70, Feedwater 17k
Temperatures: Feedwater 6r° F, Blowdown lh' ¥, Distiliate 72° F

Ambicat Temperature: 68° F
Distillate Conductivity: Not dctermined
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APPENDIX D

RESULTS OF ACTIVATED CARBON AND
ION EXCHANGE RESIN COLUMN STUDIES
(Tables ¥XX through XXXVIII)
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Table XXX. Test 1 - Removal of BZ from Distillate by
Passage Through Carbon and Ion Exchange Resin Columns

DATES: 27 September and 1 October 1962

COLUMN DATA: Each column - 500 ml volume and approximately
30 cm high

Carbon - Nuchar WA (+30 mesh)
Resin - Duolite C-25(H)

FEEDWATER: Distillate from Run 2 and Run 3
FIOW RATE: 50 ml/min (0.7 gpm/cu f+ of resin)

SAMPLE VOLUME: 1000 ml

Run Sample Effluents
No. Time Feedwater Nuchar WA c-25(1)
(hr) ol RZ pH R, PH RY.
(mg/1) (mg/1) _(mg/1)
2 1200 6.3 0.022 - - - -
1300 6.1 0.039 - 0.0 - -
1400 5.9 0.03u - 0.007 - -
1500 6.3 0.036 - 0.0 - -
3 1300 7.2 0.033 9.9 0.0 8.5 0.0
1400 5.8 0.039 9.9 0.0 7.0 0.0
1500 5.6 0.03h - 0.0 - 0.0

NOTE: One liter of Shifflett Pond water, contaminated with 16 mg/l

BZ, showed complcte removal of BZ after passing through the
carbon column.

Dashes indicate no determinations were made.
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Table XXXI. Test 2 - Removal of VX from Distillate by
Passage Through Carbon and Ion Exchange Resin Columns

DATE: 3 October 1962

COLUMN DATA: Each column - 500 ml volume and approximately
30 cm bigh
Carbon - Nuchar WA (+30 wesh)
Resins - Duolite C-25(H)
Duolite €-25(Na)

FEEDWATER: Distillate from Run 4
FLOW RATE: 150 ml/min (2.2 gpm/cu ft of resin)

SAMPLE VOLUME: 1000 ml

Sauple Feedwaler B luenl:s
Time PH VX Nochar WA n-00.(11) "ot (W)
(hr) (me/V)y  pH VX pil VX pH VX
(ugs/1) (/1) (mgz/1)
1100 6.7 1.12 9.3 0.0 0.3 0.0001y 9.0 0.00031
1200 6.9 1.ho 9.1 0.0 6.2 0.0 9.0 0.0
1300 7.0 1.92 9.6  0.00021 6.1 0.0 9.4 0.0002h
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Table X¥XII. Test 3 - Removal of VX from Distillate
and Spiked Distillate by Passage Through
Carbon and Ion Exchange Resin Columns

DATES: 2, 5, 7, 8, 15 November 1962

COLUMN DATA: Each column - 500 ml volume and approximately
30 cm high

Carbon - Nuchar C-190 (+30 mesh)
Resin - Mixed-Bed (Barnstead Red)

FEEDWATER: Distillate of Runs 14, 15, 16, and spiked distillate of
Run 18

FLOW RATE: 150 ml/min (2.2 gpm/ecu £t of resin)
EFFLUENT FRACTION VOLUME: 800 ml

Date Feedwater Column Effluents
(1902) VX Fraction Nuchar C-190 Mixed-Bed Resin
(mg/1) Number i VX il VX
(mg/1) (wg/1)
2 Nov 1.3 1 10.2  Trace 8.6 Trace
(Run 1) Y 10.0  0.0018 6.8 "
10 - Truace - 0.0
15 9.6 0.0 - 0.0
20 9.7 0.0 7.2 0.0
5 Nov 1.3 21 9.5 0.0 7.5 0.0
(Run 15) 25 9.k 0.0 7.0 0.0
30 8.3 0.0 8.0 Trace
35 8.3 0.0 7.9 0.0
) 7.9 0.0 8.1 0.0
T Nov 1.5 1 8.4 Trace 7.9 0.0
(Run 16) 45 7.7 " 7.8 0.0
50 8.0 " T4 0.0
55 T.h " 8.0 0.0
60 T7.%  0.0003 T4 Trace
8 Nov 1.5 01 - Trace - 0.0
(Run 16 6 - 0.0 - 0.0
cont 'd) 70 - 0.0 - 0.0
75 - 0.0 - 0.0
80 - 0.0 - 0.0
15 Nov 11% 81 2.0 Trace 7.9 0.0009
(Run 18) 35 7.0 " U9 0.0015%
86 7.6 " 7.k 0.0011

NOTE: Dashes indicate no determingticns were made.




Table XXXIII. Test 4 - Removal of VX from Spiked Distillate
by Passage Through Cation and Anion Exchange Resin Columns
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DATES: 13, 14, 15 November 1962

COLUMN DATA: Each column - 500 ml volume snd approximately
30 em high
Resins - Duolite C-25(H)
Duolite A-3085(OH)

FEEDWATER: Distillate from Run 18 spiked to 11k mg/l VX
concentration

FLOW RATE: 150 ml/min (2.2 gpm/cu £t of resin)

EFFLUENT FRACTION VOLUME: 800 ml (Beginning with fraction number 21,

400 ml of C-25(H) effluent was fed to
A-30B(OH) column)

Date Column ETfluents T T
(1962) Fraction C-25(H) A-30B(OH)
Number pH VX pH VX
(mg/1) (mg/1)
13 Nov 1 3.L 0.061 - -
2 I L 0.122 - -
3 g 0.139 - -
L .y 0.151 - -
5 L.8 0.1%6 - -
8 by 0.162 - -
10 b7 0.08L - -
13 I,5 0.112 - -
15 .6 0.105 - -
17 Lo 0.10L - -
20 b.L 0.090 - -
14 Nov 21 - - - -
23 L.3 0.111 8.6 0.C00
30 HIH 0.095 7.3 0.021
19 Nov 31 - - - -
35 LK 0.10k 7.0 0.037

NOTE: Dashes indicate no determinations were made.
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Table XXXVI. Test 7 - Removal of AC from Distillate by Passage
Through Carbon and Jon Exchange Resin Columns

DATE: 26 October 1962

COLUMN DATA: Each column - 50C ml volume and approximately 30 cm
high
Carbon - Nuchar WA (+30 mesh)
Resins - Mixed-Bed (Barnstead Red)
Mixed-Bed (Prepared) (1 vol Duolite
¢-25(H) and 2 vol Duolite A-30B(OH)

FEEDWATER: Distillate from Run 12 containing 7.0 mg/1 AC
FLOW RATE: 150 ml/min (2.2 gpm/cu ft of resin)

WFFLUENT FRACTION VOLUME: 800 m)

"frluents

T ffluent Mixed-Bed Mixed-Bed
Fraction Nuchuar WA (Barnstead) (Prepared)
Ho. pil AC pH A pi AC

(mg/1) {mg/1) (mg/1)

1 10.2 1.2 8.2 0 7.3 0
2 10.1 3.3 - - - -
3 10.2 2.9 - - - -
5 - - 6.6 0 6.0 0
10 - - 6.8 0 6.4 0

NJOTE: Dashes indicate no determinations were made,
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Table XXXVIT. Test 8 - Removal of AC from Shifflett Pond Water
by Passage Through Carbon and Ion Exchange Resin Columns

DATE: 25 October 1962

COLUMN DATA: Each column - 500 ml volume and approximately 30 cm
high
Carbon - Nuchar WA, (+30 mesh)
Resins -~ Duolite C-2¢(H)
Duolite A-30B(0H)
Mixed-Bed (Barnstead Red)

FEEDWATER: Shifflett Pond water contaminated with 8.3 mg/l AC
FLOW RATE: 1950 ml/min (2.2 gpm/cu ft of resin)

RFFIUENT FRACTION VOLUME: 300 wl (U000 ml of effluent from -2¢ (1)
column fed to A-30B(OH) column)

Effluent Efflucnts
Fraction Nuchar WA C-25(H) A-30B(OH) Mixcd-Bed
No. pll AC pH AC pH A pH A7
(mg/1) (mg/1) (mg/1) (mg/1)
1 9.9 0 4.0 2.53 8.9 0 8.0 0
3 9.4 1.68 - - - - - -
5 9.2 3.91 bl .87 9.2 0 GG 0.1
7 9.0 3.h8 - - - - - -
8 - - - - 9.1 0 5.0 0

NOTE: Dashes indicate no determinations were made.
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Table XXXVIII. Test 9 - Removal of HN-3 from Spiked Distillate
by Passage Through Carbon and Ion Exchange Resin Columns

DATE: 31 October 19G2

COLUMN DATA: Each column - 500 ml volume and approximetely
30 cm high

Carbon - Nuchar WA {+30 mesh)
Resin - Mixed-Bed (Barnstead Red)

FEEDWATER: Mixture of approximately L volumes distillate (Run 13)
and 1 volume of distillation unit feedwater (fresh);
HN-3 concentration 5.2 mg/l

FLOW RATE: 150 ml/min (2.2 gpm/cu ft of resin)

EFFLUENT FRACTION VOLUME: 800 ml

ST Tlucnt Efflnenta
Fraastion Nuchar WA Mixed-Bed
No. pH HN-3 pE HN-3
(mg/1) (mz/1)
1 9.9 0.0 1.8 0.0
Y 9.8 0.0 8.4 0.0
10 8.9 0.8 8.1 0.0




APPENDIX E

SPECIAL STUDY OF BATCH DECONTAMINATION

(Table XXXIX)
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